Abstract-We present a preliminary report of the discussion of the joint committee of the American Spinal Injury Association (ASIA) and the International Spinal Cord Society concerning the development of assessment criteria for general autonomic function testing following spinal cord injury (SCI). Elements of this report were presented at the 2005 annual meeting of the ASIA. To improve the evaluation of neurological function in individuals with SCI and therefore better assess the effects of therapeutic interventions in the future, we are proposing a comprehensive set of definitions of general autonomic nervous system dysfunction following SCI that should be assessed by clinicians. Presently the committee recommends the recognition and assessment of the following conditions: neurogenic shock, cardiac dysrhythmias, orthostatic hypotension, autonomic dysreflexia, temperature dysregulation, and hyperhidrosis.
INTRODUCTION
That autonomic dysfunctions, including abnormal cardiovascular control, are common consequences of spinal cord injury (SCI) in humans is well known. During the first weeks postinjury, alterations in autonomic function may be life-threatening. Severe bradycardia and even asystole are seen in patients with cervical injuries. The majority of these patients require admission to the intensive care unit because of hemodynamic instability, including severe hypotension or bradycardia [1] [2] . However, patients who do not need intensive care unit admission also need to be carefully monitored for autonomic instability during the initial postinjury period. Little is known about the connection between the severity and level of SCI and the severity of autonomic dysfunction. Furthermore, no data on humans are available regarding the effect of low blood pressure and heart rate (HR) abnormalities on the risk of neurological deterioration following SCI [2] . During the last decade, we have developed and significantly improved the assessment of individuals with SCI. However, the International Standards for Neurological Assessment, commonly referred to as the American Spinal Injury Association (ASIA) examination, only evaluate motor and sensory functions following SCI [3] . Although a battery of clinical tests to assess autonomic functions is available, the complexity and organization of the autonomic nervous system and its involvement in the control of almost every system in the body make selecting appropriate autonomic function tests for individuals with SCI difficult. Furthermore, experience with these tests in the clinical assessment of individuals with SCI is very limited, and uniform operational definitions of dysfunction are lacking.
To improve the evaluation of autonomic function in individuals with SCI and in the future assess the effects of therapeutic interventions, the ASIA and International Spinal Cord Society (ISCoS) established a committee to develop a set of definitions and classifications for disorders of autonomic function in SCI. In this article, the general autonomic dysfunction subcommittee proposes a comprehensive set of definitions of autonomic dysfunction following SCI that should be assessed by clinicians. Three additional subcommittees are working on definitions for bowel, bladder, and sexual functions, which will be addressed separately. Presently the committee recommends the recognition and assessment of the following conditions: neurogenic shock, cardiac dysrhythmias, orthostatic hypotension, autonomic dysreflexia (AD), temperature dysregulation, and hyperhidrosis ( Figure) . This article reviews the basis for these definitions.
NEUROGENIC SHOCK
Acute SCI in humans generally causes a drop in blood pressure; in cervical injuries, it can cause severe hypotension and bradycardia, which are common components of the phenomena known as neurogenic shock [4] [5] [6] . This phenomena is more profound and long lasting after SCI in humans than in experimental animals. Neurogenic shock is one manifestation of autonomic nervous system dysfunction observed following SCI [4, [6] [7] . Neurogenic shock is most likely an effect of the imbalance in autonomic control, with an intact parasympathetic influence via the vagal nerve and a loss of sympathetic tone because of disruption in supraspinal control. Clinical observations strongly suggest that prolonged and severe hypotension, requiring vasopressive therapy, is associated with the severity of the SCI and can last up to 5 weeks postinjury [4, 8] . In one study, Glenn and Bergman reported that severe hypotension was present in all 31 tetraplegic subjects assessed with severe SCI, half of whom required vasopressive therapy to maintain adequate arterial blood pressure [9] . In addition to the pronounced hypotension described, many patients with acute SCI experience severe abnormalities in HR. Bradycardia was reported in 64 to 77 percent of patients with cervical SCI during the acute postinjury phase and was more severe and frequent within the first 5 weeks postinjury [10] [11] [12] . Interestingly, Furlan and colleagues reported that the hypotension and bradycardia observed initially after injury persisted in the individuals with more severe injury of the descending cardiovascular autonomic pathways [13] . Moreover, all individuals in this group required vasopressive therapy to maintain systolic arterial blood pressure above 90 mmHg. In contrast, individuals with less severe injury to the descending cardiovascular pathways tended to have higher blood pressure and HR, although minor and short-term hypotension and low HRs were occasionally observed.
In addition to neurogenic shock, the acute phase of SCI is also associated with "spinal shock" [14] [15] [16] . Some authors use these terms interchangeably; however, recognizing that these are two clinically important and distinct conditions is important. Neurogenic shock is characterized by changes in blood pressure and HR (autonomic) control following SCI [4, 6, 8] , whereas spinal shock is characterized by a marked reduction or complete loss of motor and reflex function below the injury level [16] . Clinically, spinal shock in humans can persist for days to weeks, with a mean duration of 4 to 6 weeks postinjury. Traditional views of the clinical course of the recovery of spinal shock were related to the emergence of certain groups of reflexes [16] . For example, some groups defined the end of spinal shock as the first few days postinjury when recovery of initial reflexes, such as the bulbocavernosus reflex, had occurred, other groups as 2 weeks postinjury when recovery of the deep tendon reflexes had occurred, while still other groups defined the end of spinal shock as ~2 months postinjury when recovery of the bladder reflex had occurred. For further details, we refer readers to the recent work of Ditunno and colleagues [16] .
CARDIAC DYSRHYTHMIAS
Autonomic cardiovascular regulation is compromised following SCI, the degree to which relates to the level and completeness of the spinal cord lesion [13, [17] [18] . In persons with injuries above the sixth thoracic (T) vertebra, reductions in sympathetic cardiovascular control result in hypotension and bradycardia [19] [20] . These abnormalities may directly reflect disruption of the sympathetic circuits within the upper thoracic segments (T1-T5). However, cardiac efferent parasympathetic control, which arises from the brain stem, remains intact after SCI and may also contribute to the bradycardia observed in those with tetraplegia [21] [22] .
Bradycardia and cardiac arrest are known complications associated with the acute phase following SCI; these cardiac abnormalities are usually temporary [22] [23] . In the acute phase of SCI, stimuli to the trachea, such as suctioning, commonly induce bradycardia. Normally, Temperature Dysregulation Elevation or decrease of body temperature without signs of infection. May result from exposure to environmental temperature change.
Sweating Disturbances Hyperhidrosis Hypohidrosis
Nonphysiological sweating over portion of body in response to noxious/ nonnoxious stimuli, positioning, etc. Lack of sweating in denervated areas in response to rise in temperature.
Figure.
Comprehensive set of definitions of general autonomic nervous system dysfunction following spinal cord injury that should be assessed by clinicians. (Clinicians check Yes if present and indicate Degree.) BP = blood pressure, bpm = beats per minute, HR = heart rate, SBP = systolic blood pressure, SCI = spinal cord injury, T = thoracic.
this reflex is opposed by sympathetic activity, and during hypoxia, by increased pulmonary inflation from vagal reflex activity caused by increased breathing [22] . However, in individuals with cervical SCI, compensatory sympathetic activity is abolished by the cord lesion and increased pulmonary vagal reflex activity may be blocked by mechanical ventilation, which does not increase with hypoxia. Administration of atropine may be required in the acute phase of SCI. Following the acute phase, the risk of cardiac dysrhythmias is attenuated; however, evidence of late asystole requiring transvenous ventricular pacing has been found [24] . During the chronic phase of SCI, several investigators have reported a higher incidence of bradyarrhythmia in persons with tetraplegia but rarely in persons with paraplegia [24] [25] .
Researchers have also reported that persons with SCI have a higher incidence of nonspecific ST segment elevation and are at increased risk of developing electrocardiogram (ECG) abnormalities, such as premature atrial contractions, intraventricular conduction delays, and bundle-branch blocks compared with nondisabled individuals [11, 26] . Others have reported similar ECG abnormality prevalence in the SCI population compared with the nondisabled population [26] . We would like to emphasize that dysrhythmias, particularly atrial fibrillation, may also occur during episodes of AD in individuals with high cord lesions and may require immediate pharmacological intervention to restore the normal rhythm [21, 27] . Autonomic cardiovascular control influences HR through direct effects on the sinus node and modulation of circulating beta adrenergic agonist levels. The technique of HR variability (HRV) quantitatively assesses relative shifts in autonomic cardiac control. Using pharmacological blockade, researchers have determined the specific influences of vagal and sympathetic activity on HRV in the nondisabled population [28] [29] [30] . Atropine significantly reduced signal amplitudes within the low-frequency (LF) (0.04-0.15 Hz) and high-frequency (HF) (0.15-0.40 Hz) power spectrums during supine (LF: -84%; HF: -92%) and upright (LF: -72%; HF: -95%) postures. On the other hand, propranolol has little effect on the power spectrum at supine rest and only reduced the LF amplitude with upright postures (-73%) [29] . Thus, vagal influences appear to be present in both the LF and HF components of HRV during supine and upright postures, while sympathetic activity contributes to the LF component of HRV during upright postures only. The use of HRV techniques in persons with SCI has been reported [17] [18] 31] ; however, the validity of this noninvasive approach in assessment of cardiovascular control in a population of individuals with severely affected autonomic efferent activity has not been thoroughly investigated. With this caveat, we present the following data on alterations in HRV in persons with SCI at rest and during provocations for stimulation of autonomic cardiovascular control. The higher and more complete the injury, the greater the reduction in both vagal and sympathetic activities, which indicates that the branches of the autonomic nervous system maintain a balance in the presence of SCI [17] . Clinicians commonly use the head-up tilt (HUT) to illuminate alterations in sympathetic cardiac modulation, which reflect the degree of autonomic dysfunction. Autonomic and cardiac responses to HUT are blunted in both persons with tetraplegia and paraplegia [32] . In fact, persons with paraplegia had comparable increases in HR during HUT as nondisabled persons, which were facilitated by the predominantly vagal withdrawal rather than the increased sympathetic activation that was demonstrated in nondisabled subjects. HRV techniques could be used to noninvasively assess cardiac autonomic control in persons with SCI, determine the degree of sympathetic disruption, and illuminate the potential risk of developing cardiac dysrhythmias. During the acute rehabilitation period, HRV can be a tool for monitoring improvements in autonomic outflow, and during the chronic phase of injury, it may document gains in function following physical and pharmacological interventions.
ORTHOSTATIC HYPOTENSION
Even as resting hypotension following SCI improves, loss of supraspinal control of the sympathetic nervous system below the lesion level frequently results in orthostatic hypotension [33] [34] . Orthostatic hypotension is defined by the Consensus Committee of the American Autonomic Society and the American Academy of Neurology as a decrease in systolic blood pressure of ≥20 mmHg or a decrease in diastolic blood pressure of ≥10 mmHg when the subject moves from an upright to supine posture, regardless of whether symptoms occur [35] . The two grades of severity are asymptomatic and symptomatic. Symptoms may include dizziness, nausea, light-headedness, or faintness [36] . Physical signs include pallor, diaphoresis, or loss of consciousness. Orthostatic hypotension is a common problem after acute cervical and high thoracic SCI. Illman et al. found that patients with acute SCI experienced a drop in blood pressure with mobilization 73.6 percent of the time and that 58.9 percent of episodes were symptomatic [20] . With time, the frequency and severity of orthostatic hypotension diminish.
Several mechanisms contribute to orthostatic hypotension in individuals with SCI. Interruption of efferent pathways from the brain stem vasomotor center to the sympathetic nerves involved in vasoconstriction causes failure of short-term blood pressure regulation [37] [38] , which leads to pooling of blood in the viscera and dependent vasculature. Resting catecholamine levels are lower in individuals with cervical SCI compared with those with paraplegia and nondisabled individuals, and no significant increase in epinephrine or norepinephrine levels is found when people with tetraplegia undergo a HUT [39] [40] . Adaptation to orthostatic hypotension is the result of numerous mechanisms, including recovery of spinal sympathetic reflexes, development of spasticity and increased muscle tone, and changes in the renin-angiotensin system [36] . Cerebral blood flow may be maintained despite a continued drop in systemic blood pressure with upright challenge [41] .
AUTONOMIC DYSREFLEXIA
In addition to orthostatic hypotension, individuals with SCI can also be affected by sudden bouts of hypertension (triggered by afferent stimuli below the lesion level) known as AD [8, 36] . This condition is not only characterized by increased arterial blood pressure but can also be accompanied by piloerection, chills or shivering, pounding headache, paresthesias, flushing, and diaphoresis above the lesion level, as well as nasal congestion, anxiety, malaise, and nausea [36] . Previously, researchers believed that orthostatic hypotension was confined to the acute phase of SCI and AD to the chronic phase of SCI. However, the presence of AD in the early phases of SCI has recently been reported [42] [43] .
AD usually occurs as a result of noxious or nonnoxious peripheral or visceral stimulation below the lesion level and primarily affects subjects with lesions above the outflow to the splanchnic and renal vascular beds (T5-T6). AD is found in subjects with both complete and incomplete lesions [13, 44] . The incidence of AD in individuals with SCI varies from 20 to 70 percent of the atrisk SCI population, regardless of age at injury [45] [46] . Both noxious and nonnoxious stimulation below the lesion level can induce a widespread activation of the sympathetic nervous system demonstrated by an increase in norepinephrine release [36, [47] [48] . Initially, based on recordings of peripheral sympathetic nerve activity, this catecholamine release was interpreted as end-organ supersensitivity [49] . However, careful investigations of regional noradrenalin spillover demonstrated significant increases in norepinephrine only below the lesion level, thus making the theory of end-organ supersensitivity less likely [47, 50] . This catecholamine release induces vasoconstriction in the majority of vascular beds below the level of injury: muscle, skin, kidneys, and presumably also the splanchnic vascular bed [47, [50] [51] . The baroreceptors are activated by the resultant increase in arterial blood pressure and act to buffer the vasoconstriction through dilation of vascular beds above the lesion level (with intact central control) and through reduction in HR (vagal innervation to the heart is unaffected by SCI).
This inappropriate activation of the sympathetic nervous system associated with AD occurs several times a day and may even occur asymptomatically [52] [53] . This means that the phenomena of AD is part of a continuum from no symptoms (asymptomatic AD, see Figure) to full-blown AD. Presently, neither a common classification for characterizing this continuum nor a system for grading this reaction exist that could lead to classification of different severities of AD.
Several factors that could trigger AD have been described in the literature. Irritation of the urinary bladder and gastrointestinal tract are among the most common causes of this condition [36, 54] . Catheterization and manipulation of an indwelling catheter, urinary tract infection, detrusor sphincter dyssynergia, and bladder percussion are all well-known precipitating factors. Stimuli that would be noxious if pain sensation was preserved, such as bone fractures or joint displacements, may also be triggering factors. Sexual activity may induce AD in both sexes, and the risk of AD during pregnancy and delivery is also increased. Furthermore, researchers report iatrogenic triggering factors, such as cystoscopy, cystometry, vibration or electrostimulation for ejaculation, as well as electrical stimulation of muscles [55] [56] [57] .
TEMPERATURE DYSREGULATION
Thermodysregulation is a well-recognized clinical phenomena after SCI, first described in 1878 by Pfluger (see Colachis and Otis and Schmidt and Chan [58] [59] ). It occurs in the acute phase of SCI and can potentially last a lifetime. Although thermoregulation is recognized as an autonomic function, the precise mechanisms of dysregulation have not been fully elucidated. The degree of dysregulation appears related to injury level and perhaps to degree of completeness of SCI, similar to the pattern of AD [60] . However, completeness of SCI has not yet been well correlated and is not precisely correlated with the degree of thermodysregulation in individuals with SCI. Nonetheless, temperature is easy to measure and classify, even in the very early stages postinjury. Therefore, thermodysregulation may be a useful means of early assessment of autonomic function, although further research will be needed.
Thermodysregulation falls into three categories based on the available literature. The first is the well-known poikilothermia, often called an "environmental fever," that also relates to hypothermia from prolonged cold exposure. The second is termed "quad fever" and relates to a fever without an infectious source occurring in the first several weeks to months after SCI. The third, increasingly studied in the exercise literature, is exercise-induced fever.
Body temperature is under direct autonomic control via hypothalamic regulation. Peripheral cold and warm receptors project to the hypothalamus via the spinal cord, although deep temperature sensors are also present [61] . When core temperature decreases, sympathetic (noradrenergic) mechanisms induce piloerection, shivering, and vasoconstriction to produce body heat and shunt blood away from the cool surface. Areas lacking connection between the hypothalamus and the sympathetic system do not mount this response. Given a large enough surface area lacking these mechanisms, core temperature will decline. In practical terms, individuals with lesions at T6 and above exhibit the problem, since a loss of descending sympathetic control of more than half of the body is present. Although individuals with lower injury levels exhibit no response to cold in the legs, this does not result in a clinically significant alteration in core temperature. Individuals with tetraplegia usually exhibit a more marked manifestation than individuals with paraplegia, both from the standpoint of lack of hypothalamic connection to the spinal sympathetic circuits and from the standpoint of reduced surface area that can respond.
Quad fever was described by Sugarman et al. in 1982 [62] . Although clinically recognized, it is not widely discussed in the literature and deserves considerable investigation into the possible controlling mechanism. Quad fever occurs in individuals with tetraplegia and occasionally those with high paraplegia. Patients present with fever, often exceeding 40 °C (101.5 °F), although only a mild elevation in core temperature may be present. This is a diagnosis of exclusion because infection, thromboembolic disease, inflammation, and atelectasis must be ruled out as sources of fever before quad fever can be diagnosed. Blood pressure and pulse alterations are not a component, since they would suggest a noxious source. No existing theories explain this early phenomena, and since patients are in the hospital in an environmentally controlled setting, poikilothermia also does not explain it. Alterations in the hypothalamic axis can be suspected, particularly in light of changes in hypothalamic afferents, but have not been explored. As with poikilothermia, the role of completeness has not been correlated. The inability of patients to get rid of excess heat by sweating may play a role.
Exercise-induced hyperthermia has been more widely studied in recent years. This fever is again more common in persons with tetraplegia, since they display greater difficulty in dispersing endogenously produced heat [63] . Persons with tetraplegia have a greater increase in body temperature with exercise than persons with paraplegia, even at equal peak oxygen consumption. A prolonged period of increased body temperature is also noted in tetraplegia, with delay in normalization of core temperature. However, neither persons with paraplegia nor those with tetraplegia show any alteration in thigh skin temperature, which confirms the absence of temperature regulation in all levels of complete SCI. Again, degree of completeness of SCI has not been adequately studied. High core temperature can be combated by cool-water foot baths before and during exercise [64] . As has been observed in other forms of temperature dysregulation, environmental techniques are successful in restoring normal body temperature. Mechanisms of temperature dysregulation need further study, particularly with regard to incomplete lesions. Differentiating between those with and without temperature dysregulation may be helpful in discerning those with autonomic incompleteness, even in the presence of motor and sensory completeness.
Core temperatures (oral, rectal, or tympanic) should be regularly and accurately assessed, along with ambient temperature, amount of activity, and recent exposure to an alternate environment. In the acute phase of SCI, temperature may be the easiest parameter to test and measure for autonomic function. Both core body temperature and skin temperature above and below the level of injury are helpful in assessing temperature and autonomic function.
SWEATING DISTURBANCES
Hyperhidrosis denotes increased eccrine sweating [65] . Excessive sweating is a common complaint among individuals with SCI. A significant number of individuals with SCI experience episodic hyperhidrosis associated with AD, orthostatic hypotension, or posttraumatic syringomyelia [66] [67] [68] [69] . Although the most common pattern in SCI is profuse sweating above the lesion level with minimal or no sweating (hypohidrosis, anhidrosis) below the lesion level, sweating exclusively below the lesion level can also be observed. These probably represent different autonomic mechanisms, the pathways of which have not been elucidated.
DISCUSSION AND CONCLUSIONS
SCI, especially with cervical lesion levels, may be life-threatening because of the imbalance in the autonomic nervous system. Furthermore, this imbalance might be a risk factor for further deterioration of neurological function following SCI. This is a preliminary report of the discussion of the joint committee of the ASIA and ISCoS concerning the development of assessment criteria for general autonomic function testing following SCI. Presently the committee recommends the recognition and assessment of the following conditions: neurogenic shock, cardiac dysrhythmias, orthostatic hypotension, AD, temperature dysregulation, and hyperhidrosis. Members of the committee propose that in the future, in addition to already established motor and sensory assessment standards, the assessment of autonomic functions be a part of clinical evaluation of individuals with SCI.
